Purpose The prognosis of patients with colon cancer and para-aortic lymph node metastasis (PALNM) is poor. We analyzed the prognostic factors of extramesenteric lymphadenectomy for colon cancer patients with isolated PALNM.
Introduction
Isolated para-aortic lymph node (PALN) metastasis (PALNM) occurs in up to 2% of colorectal cancer (CRC) patients and is regarded as a poor prognostic factor [1, 2] . Although the American Joint Committee on Cancer (AJCC) staging system classifies CRC with metastasis to PALNs as M1 disease, the clinical characteristics of it have not been comprehensively elucidated and there is no consensus on the treatment strategy for isolated PALNM in CRC [3] .
The complete response rate in colon cancer patients with PALNM remains low despite newly developed chemotherapeutic agents and it is difficult to control the progression of disease without surgical intervention [1] . In CRC patients with hepatic or pulmonary metastases, aggressive hepatic or lung resection has become a standard strategy when R0 resection can be achieved. However, the role of PALN dissection (PALND) has not been established due to its low incidence, postoperative morbidity, and advances in the field of chemotherapy.
Previously, we reported that the oncologic outcomes of colon cancer with isolated PALNM were comparable with outcomes of metastatectomy for liver metastasis and suggested that upfront primary tumor resection with extended lymphadenectomy may be justified in selected patients [4] . However, only a few patients have any benefit from extensive dissection and the key factors in subsets of patients with PALNM that may experience oncologic benefits from PALND remain unknown.
The description of prognostic factors for pathological PALNM allows the identification of patients who may benefit from PALND while sparing other patients from the morbidity of extensive lymphadenectomy. The aim of this study was to analyze the prognostic factors and to develop a prognostic model of extraregional lymphadenectomy for colon cancer with isolated PALNM.
Materials and Methods

Patients
From our prospectively collected database, a total of 1,082 patients who underwent curative surgery for colonic adenocarcinoma with pathological lymph node metastasis at Severance Hospital, Yonsei University, Seoul, South Korea, were included. With the following exclusion criteria, 49 patients who received a pathologic diagnosis of isolated synchronous PALNM were included in this study: (1) distant metastases other than to PALNM, (2) lateral pelvic lymph node metastasis, and (3) nodal metastasis above the renal vessels. Clinicopathologic data including age, sex, body mass index, location of tumor, preoperative carcinoembryonic antigen (CEA), postoperative chemotherapy, pathologic tumor and nodal stage, tumor differentiation, the numbers of total and positive PALN, and survival data were obtained.
Preoperative staging and treatment
Preoperative staging evaluation was performed using chest X-ray and abdominal and chest computed tomography (CT) scan. For PALNM diagnosis, abdominal CT scan was mainly used and positron emission tomogram (PET) was performed in selected cases where the diagnosis of PALNM by CT was uncertain. We considered a PALN to be radiologically positive if a lymph node at the region between the left renal vein and the bilateral common iliac vessels was 0.5 cm at the short-axis diameter, with spiculated borders or showing a mottled heterogenic pattern according to the preoperative abdominal CT scan or had fludeoxyglucose uptake on PET-CT. In addition to the standard extent of lymph node dissection, all lymphovascular tissues along the aortocaval area between the left renal vein and the bilateral common iliac vessels were removed in patients with advanced colon cancer with radiologically suspected metastatic PALN. Postoperative chemotherapy (5-fluorouracil/leucovorin regimen or oxaliplatin, folinic acid and 5-fluorouracil [FOLFOX]) was administered 3-4 weeks after surgery for 6 months.
Evaluation parameters and statistical analyses
The classification system of the AJCC sixth edition was used to determine pathological tumor depth (pT), the number of metastasized lymph nodes (pN), and cancer stage. PALN was defined as the presence of involved lymph nodes in the region between the bilateral common iliac vessels and 
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The study was approved by the Institutional Review Board of Severance Hospital (IRB No. 2017-2432-001) and performed in accordance with the principles of the Declaration of Helsinki. The informed consent was waived. Table 1 summarizes the characteristics of the 49 patients with pathologically positive PALN who underwent PALND for colonic cancer. The mean age was 57.5±11.5 years; 20 patients (40.8%) were women and 29 (59.2%) men. Body mass index was 23.7±2.8. One tumor (2.0%) was located in the cecum, five (10.2%) in the ascending colon, five (10.2%) in the descending colon, and 38 (77.6%) in the sigmoid colon. The mean CEA level before the operation was 23.7±37.4 ng/mL and the CEA level measured 7 days after curative resection was 7.4±13.0 ng/mL. Of the total 49 patients, 47 (95.9%) received chemotherapy after curative resection. OS, overall survival; DFS, disease-free survival; PALN, para-aortic lymph node; CEA, carcinoembryonic antigen.
Results
Patient characteristics
Cancer
Pathologic outcomes
Pathologic characteristics of the tumors are summarized in Table 1 . There was one T2 tumor (2.0%), 43 T3 tumors (87.8%), and five T4 tumors (10.1%). The moderately differentiated type (69.4%) was the most common histological type, followed by poorly differentiated (12.2%), mucinous (10.2%), and well differentiated (8.2%). The mean numbers of total and positive lymph nodes were 38.2±22.0 and 15.6±15.1, respectively. The mean numbers of total harvested and metastatic PALNs were 6.9±5.2 and 3.9±4.0, respectively. 
Univariate and multivariate survival analyses of prognostic factors
The median survival time was 37 months (range, 6 to 169 months). Five-year OS and DFS rates were 33.9% and 26.5%, respectively. Table 2 summarizes the univariate analysis. Univariate analyses revealed that the number of positive PALN and the preoperative CEA level were significantly associated with OS and DFS ( Table 2) . Fig. 1 describes patient survival according to the number of positive PALN and preoperative CEA level. The 5-year OS and DFS rates were higher in patients with  7 positive PALN (36.5% and 27.5%) than in those with > 7 PALN (14.3% and 14.3%; p=0.010 and p=0.027, respectively) ( Fig. 1A and B) . Preoperative CEA level > 5 also adversely affected patient prognosis, with a lower 5-year OS and DFS rate at 21.5% and 11.7% observed in patients with CEA level > 5 compared to those with CEA level  5 (collectively at 46.3% and 41.4%, p=0.122 and (Table 3 ). According to our prognostic model with two prognostic factors, the 5-year OS and DFS rate increased to 59.3% and 53.3%, respectively, in patients with  7 positive PALN and a CEA level  5 ( Fig. 1E and F) .
The 5-year OS and DFS rates of patients with CEA level  5 and > 7 positive PALN or CEA level > 5 and  7 positive PALN were 24.9% and 13.2%, respectively. The 5-year OS and DFS rates of patients with CEA level > 5 and > 7 positive PALN were 0% and 0%, respectively.
Discussion
In the context of hepatic metastasis in colorectal cancer, upfront primary tumor resection with metastasectomy is recommended in surgically amenable metastasis (lesions  4, absence of bilobar metastasis, and radiologically negative periportal lymph nodes) [5] . In the current prognostic analyses of 49 colon cancer patients with pathological PALNM who underwent extraregional lymphadenectomy, our results show that PALND may be justified in highly selected patients. We have found that an elevated preoperative CEA level and a greater number of positive PALN indicates a poor survival outcome and the subgroup of patients with  7 positive PALN and a CEA level  5 might still benefit from surgery. Thus, systematic PALND should be considered as a treatment option in those patients.
Ogura et al. [6] attempted to establish a prognostic model for visible PALNM with CRC and reported that lymphovascular invasion, nodal status, elevated preoperative CEA level, and visible PALNs  10 mm were independent prognostic factors for patients with visible PALNs, although that model could not predict pathologic PALNM. Choi et al. [1] observed that the presence of two or fewer PALN metastases was a good indication for PALND in 24 CRC patients with isolated PALNM based on their univariate analysis; however, there were no data regarding pathologic PALNM and no significant prognostic factors were identified by multivariate analysis. In our study, we tried to develop a prognostic model using multivariate analysis for pathologically identified PALNM after extensive lymphadenectomy in colon cancer.
Preoperative serum levels of the tumor marker CEA, which represent serum tumor burden, are of prognostic significance. CEA levels  5.0 ng/mL have an adverse effect on survival that is independent of tumor stage [7] [8] [9] . Hokuto et al. [10] reported that a serum CEA level of  20 ng/mL was one of the prognostic factors for DFS in patients with  4 colorectal liver metastases and a systematic review assessing prognostic factors for patients undergoing lung metastasec- Fig. 2 . Suggested treatment strategy for colon cancer with isolated para-aortic lymph node metastasis. PALNM, para-aortic lymph node metastasis; PTR, primary tumor resection; PALND, para-aortic lymph node dissection; CTX, chemotherapy. Sung Uk Bae, Para-aortic Lymph Node Metastasis in Colon Cancer tomy showed that a prethoracotomy associated elevation in CEA level was associated with poor survival [11] . In this study, elevated preoperative CEA level was identified to be an independent risk predictor for oncologic outcomes, which is consistent with the prior results in the literature. Lymph node involvement is one of the strongest predictors of outcome following surgical resection of CRC [12] [13] [14] [15] [16] . Moreover, we found that the long-term oncologic outcomes were significantly better in the regional lymph node metastasis group than in the PALNM group, which means that the location of the metastatic lymph node also matters [4] . In the present study, the 5-year survival rate was poor in patients with a large number of positive PALN, which was identified as an independent prognostic factor after PALND. Thus, PALND should be considered as a treatment option in patients with a relatively smaller number of infiltrated lymph nodes.
The availability of increasingly effective systemic chemotherapy has prompted interest in preoperative or neoadjuvant chemotherapy for stage IV CRC [17] . Neoadjuvant chemotherapy might play a role in evaluating the natural history of metastatic disease, which then enables the surgeon to decide whether to proceed with surgery or to continue palliative chemotherapy in cases of CRC with PALNM. An expert review further emphasized the role of neoadjuvant chemotherapy in the selection of candidates for PALND because tumor regression after treatment may imply a favorable biology, thereby selecting for patients more likely to benefit from PALND [18] . Currently, we have discussed treatment plans based on a multidisciplinary approach for these patients and most of them were recommended to receive upfront systemic chemotherapy followed by surgical resection for both the primary tumor and extraregional lymph nodes (PALN).
A multimodality approach including perioperative chemotherapy may be needed to improve survival of patients with colon cancer with isolated PALNM and the treatment strategy should be individualized according to the characteristics of the disease. Our results suggest that upfront primary tumor resection with extended lymphadenectomy may be justified in patients with low CEA levels and less extensive PALNM, based on our prognostic model (Fig. 2) . Neoadjuvant chemotherapy can be an initial targeted treatment for colon cancer with an elevated CEA level or extensive PALNM. Primary tumor resection with or without PALND should be performed after neoadjuvant treatment based on tumor response. Treatment of progressive disease with elevated CEA level and extensive PALNM even after neoadjuvant chemotherapy needs to be converted to palliative chemotherapy with other additional treatments such as intensity-modulated radiotherapy, tomotherapy, and robotic linear accelerators.
There are several limitations to this study, including a single institutional experience, the small sample size due to the rarity of this metastatic pattern, and its retrospective analysis. In addition, new biologic chemotherapeutic regimens were not used in most of the patients, and therefore, we could not analyze the prognostic factors after neoadjuvant treatment.
PALND might be beneficial in carefully selected patients with low CEA levels and less extensive PALNM.
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